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SOME  EFFECTS  OF  PROPELLER'  OPERATION  ON  THE  DISTRIBUTION 
OF  THE  LOAD  ON  THE  VERTICAL  TAIL  SURFACE  OF 
A  TYPICAL  PURSUIT  AIRPLANE 
By  Harold  H.  Swe'berg  and  Richard  C.  Dingeldein 


INTRODUCTION 


The  pressure  di strihutlon  had  been  measured  at 
several  longitudinal  sections  of  the  vertical  tail  sur¬ 
face  of  the  Curtiss  P-JjOK  airplane  in  the  NACA  full- 
scale  tunnel.  The  tests  were  made  for  various  angles 
of  attack  and  angles  of  yaw  with  the  propeller  removed 
and  with  the  propeller  operating.  These  tests  were 
Incidental  to  a  similar  investigation  of  the  horizontal- 
tail  loading,  the  results  of  which  are  reported  in  ref¬ 
erence  1. 

The  data  are  intended  primarily  to  show  the  dis¬ 
tribution  of  normal-force  coefficient  along  the  span  of 
the  vertical  tail  surface  under  conditions  simulating 
flight.  Some  analysis  has  been  made  of  the  effects  of 
propeller  operation  on  the  distribution  of  the  load  on 
the  vertical  tail  surface. 
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airplane  lift  coefficient 

vertical-tail  normal-force  coefficient  ( Nt/q0S-t ) 
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vertical-tail  normal  force 
vertical-tail  section  normal  force 
propeller  torque 

difference  in  local  static  pressure  between  right 
and  left  surfaces  of  vertical  tail 

free-stream  dynamic  pressure 

veloci ty 

density  of  air 

propeller  rotational  speed 

area  of  vertical  tail  surface 

propeller  diameter 

chord  of  vertical  tail 

angle  of  attack  of  thrust  axis  relative  to  free- 
stream  direction,  degrees 

angle  of  yaw,  degrees;  positive  when  left  wing 
moves  forward 

propeller  blade  angle  measured  at  0.75  radius, 
degrees 

propeller  advance-diameter  ratio 

angle  of 'stabili  zer  setting  with  respect  to  thrust 
axis;  positive  with  trailing  edge  down 

APPARATUS  AND  TESTS 


The  tests  were  conducted  on  the  Curtiss  P-itOK  air¬ 
plane,  which  is  a  low- wing  pursuit  airplane  weighing 
77I4.O  pounds  and  equipped  with  a  V-I71O-FI1R  Allison  engine 
rated  at  1000  horsepower  at  an  altitude  of  10,800  feet, 

A  three-view  drawing  noting  the  principal  dimensions  of 
the  airplane  is  presented  in  figure  1,  and  a  photograph 
of  the  airplane  mounted  in  the  NACA  full-scale  tunnel 
is  given  as  figure  2. 
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..  Pour  rows  of  flush- type  static-pressure  orifices  were 
used  to  obtain  the  pressure  distribution  over  the  vertical 
t-airl  surface .  Thelo'cation  of  the  orifices  is  shown  in 

figure  J.  Inasmuch  as  there  were  no  pressure  orifices 
located  very  near  the  leading  edge,  a  method  similar  to 
that  described  in  reference  1  was  used  to  obtain  the 
leading- edge  pressure  peaks. 

A  summary  of  the  complete  test  program  is  given  in 
table  I.  Most  of  the  tests  were  made  with  the  propeller 
operating  under  conditions  simulating  rated  power  for  an 
altitude  of  10,000  feet.  .  The  remainder  of  the  tests 
were  made  with  the  propeller  removed  and  with  the 
propeller  operating  at  other  thrust  and  torque  coeffi¬ 
cients  in  order  that  the  effects  of  propeller  operation 
on  the  tail  load  distribution  might  be  determined.  The 
range  of  angle  of  yaw  for  these  tests  was  +10°.  A  few 
force  tests  were  also  made  to  determine  the  variation  of 
lift  coefficient  with  angle  of  attack  of  the  airplane 
with  the  propeller  removed  and  operating.  The  tunnel 
airspeed  for  all  the  tests  was  85  miles  per  hour. 

A  constant  propeller-blade-angle  setting  of  35° 
measured  at  the  0,75  radius  was  used  throughout  the  tunnel 
tests.  It,  was  desired  for  the  tests  to  reproduce  the 
torque  coefficients  obtained  in  flight  and  to  simulate 
the  thrust  coefficients  as  nearly  as  possible,  inasmuch 
as  the  slipstream  rotation  was  consid.ered  to  have  more 
effect  on  the  vertical-tail  loading  than  the  increase  in 
local  velocity  due  to  the  thrust'  of  the  propeller.  With 
the  blade  angle  at  55° >  it  was  possible  to  reproduce  the 
torque  coefficients  of  the  constant-speed  propeller  and 
to  simulate  very  nearly  the  thrust  coefficients.  Fig¬ 
ure  Ii  shows  the  variation  of  blade  angle  and  V/nD  with 
lift  coefficient,  and.  figure  5  shows  the  variation  of 
Qq  and  Tc  with  lift  coefficient  for  the  constant-speed 
propeller  (flight  condition)  and  for  the  propeller 
operating  at  constant  blade  angle.  The  variation  of 
lift  coefficient  with  c-  Agle  of  attack  of  the  airplane 
with  the  propeller  removed  and  with  the  propeller 
operating  at  rated  power  at  .an  altitude  of  10,000  feet 
is  shown  in  figure  6 . 


RESULTS  AND  DISCUSSION 

A  few  typical  chordwise  pressure  distributions  over 
the  vertical  tail  surface  of  the  P-kOK  airplane  are 


shown  in  figures  7  to  10  for  a  lift  coefficient  of  0.820. 
The  pressure  distributions  are  given  for  four. angles  of 
yaw  ( \|/  =  0Q,  5°,  10°,  and  -10°)  with  the  propeller  torque 
coefficients  varied  from  0  to  O.O36.  The  effects  of 
propeller  operation  alone  on  the  chordwise  pressure 
distribution  are  shown  directly  in  figure  7>  in  which 
\i/  =  0°.  The  leading  edge  of  the  fin  was  set 
'  1° 

1-r  to  the  left  for  these  tests,  so  that  the  resultant 

load  was  negative  (load  to  the  left)  for  the  propeller- 
removed  condition.  Propeller  operation  caused  changes 
in  the  load  on  the  vertical  tail  in  a  positive  direction 
(load  to  the  right).  The  changes  in  the  pressure  dis¬ 
tributions  that  v/ere  measured  over  the  upper  two  rows  of 
the  vertical  tail  were  approximately  proportional  to  the 
changes  in  torque  coefficient;  the  changes  in  the  pres¬ 
sure  distributions  over  the  lower  two  rows,  however, 
were  small  and  not  consistent  with  the  changes  in  torque 
coefficient,  probably  because  of  the  presence  of  the 
fuselage  boundary- layer  flow. 

The  chordwise  pressure-distribution  measurements 
have  been  integrated  to  obtain  the  variation  of  section 
normal-force  coefficient  along  the  vertical- tail  span.. 
The  results  of  these  integrations  at  three  lift  coef¬ 
ficients  for  the  airplane  with  propeller  removed  are 
shown  in  figure  11.  As  the  angle  of  yaw  was  varied 
from  0°  to  10°,  the  section  normal-force  coefficients 
measured  on  the  lower  row,  which  was  blanketed  by  the 
fuselage,  changed  only  slightly.  The  lower  portion  of 
the  rudder  will  therefore  be  ineffective  in  producing  a 
stabilizing  yawing  moment  as  the  airplane  is  yawed  from 
its  neutral  position.  The  maximum  change  in  section 
normal-force  coefficient  occurred  along  the  row  located 
about  halfway  between  the  elevator  hinge  line  and  the 
top  of  the  fin.  Similar  normal-force  distributions 
have  been  measured  over  the  vertical  tail  of  the  P-I4.7B 
airplane  (reference  2). 

The  effects  of  propeller  operation  on  the  spanwise 
distribution  of  normal-force  coefficient  on  the  vertical 
tail  surface  are  shown  in  figures  12  to  15  for  four 
angles  of  yaw  ( \\f  =  0°,  5° >  10°,  and  -10°).  Pbr  purposes 
of  comparison,  the  corresponding  distributions  for  the 
airplane  with  the  propeller  removed  are  included. 
Propeller  operation  produced  an  increment  of  load  on  the 
vertical  tail  to  the  right,  regardless  of  the  direction 
of  yaw  (compare  figs,  I4  and  15),*  this  increment  there¬ 
fore  resulted  from  changes  in  the  local  angles  of  attack 
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of  the  vertical  tail  that  were  due  to  'the  slipstream 
rotation.  The  effects  of  increases  in  the  local 
velocity  at  the  tail  due  to  increases  in  the  thrust 
coefficient  appear  to  be  of  lesser  importance.  The , 
largest  effects  of  propeller  operation  were  measured  .at 
the  upper  .two  stations  and  were  most  pronounced  at  the 
highest  angles  of  yaw  (\!/  =  ±10°),  Under  .these  con¬ 
ditions,  there  is  a  large  concentration  of  the  vertical- 
tail  load  in  a  small  region  centering  about  the  middle 
of  the  fin  (figs,  lip  and  15)  . 

Computations  of  the  total  normal-force  coefficients 
on  the  vertical  tail  have  been  made  from  the  results  of 
the  span  load  distributions.  A  summary  of  these  com¬ 
putations  is  presented  in  the  last  column  of  table  I  for 
all  the  test  conditions.  The  variation  of  vertical - 
tail  normal-force  coefficient  with  angle  of  attack  of 
the  airplane  when  the  propeller  was  removed  is  shown  in 
figure  16  for  three  angles  of  yaw.  For  the  propeller- 
removed  condition,  the  vertical- tail  normal-force  coef¬ 
ficient  decreased  slightly  with  increased  angle  of 
attack,  probably  because  of  the  upward  displacement  of 
the  wing  and  fuselage  wakes  with  increasing  angle  of 
attack. 

The  effect  of  propeller  operation  on  the  variation 
of  vertical-tail  normal-force  coefficient  with  angle  of 
yaw  is  shown  in  figure  17  for  a  lift  coefficient  of 
O.294  and  in  figure  18  for  a  lift  coefficient  of  0.820. 
The  most  notable  effect  shown  in  these  figures  is  that, 
for  the  range  of  propeller  operating  conditions  used  in 
these  tests,  the  slopes  of  the  curves  of  0^  against 

4/  changed  only  slightly  with  increased  power;  however, 
at  any  particular  angle  of  yaw  the  normal-force  coef¬ 
ficient  increased  positively  as  the  power  was  increased. 

The  data  of  figures  17  and  18  have  been  cross- 
plotted  in  figure  19  to  show;  the  effects  of  slipstream 
rotation  on  the  vertical- tail  normal-force  coefficients. 
The  effects  of  increasing  the  thrust  coefficient  are 
also  included  inasmuch  as  the  thrust  and  the  torque  were 
varied  together.  These  results  further  bring  out  the 
point  that,  regardless  of  the  direction  of  the  initial 
load  on  the  tail,  propeller  operation  always  resulted  in 
an  increment  of  tail  load  in  a  positive  direction.  As 
expected,  the  increase  was  largest  for  \J/  ”  10°  because 
for  this  angle  of  yaw  both  the  thrust  and  the  torque 
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tended  to  increase  the  load  in  a  positive  direction. 

For  negative  angles  of  yaw  the  increase  in  axial  velocity 
due  to  the  propeller  thrust  will  tend  to  increase  the 
force  on  the  tail  in  the  direction  of  the  initial  load 
(negative),  but  the  slipstream  rotation  due  to  the  pro¬ 
peller  torque  will  tend  to  increase  the  load  in  a  positive 
direction  for  right-hand  propeller  operation.  For  the 
range  of  propeller-operating  conditions  simulated  in 
these  tests  (rated  power  at  an  altitude  of  10,000  ft), 
the  effects  of  increases  in  torque  coefficient  are 
predominant. 


SUMMARY  OF'  RESULTS 


The  results  of  measurements  made  in  the  NACA  full- 
scale  tunnel -on  a  typical  pursuit  airplane  to  determine 
the  effects  of  propeller  operation  on  the  vertical- tail 
load  distribution  showed  the  following: 

1.  Propeller  operation  caused  an  increment  of  force 
on  the  vertical  tail  in  a  positive  direction  (force  to 
right)  regardless  of  the  direction  of  the  initial  load 

on  the  surface. 

2.  The  largest  effects  of  propeller  operation  were 
measured  at  a  section  located  approximately  in  the 
middle  of  the  fin  and  resulted  in  a  large  concentration 
of  the  vertical-tail  load  at  this  section. 

3.  The  distribution  of  the  load  over  the  portion 
of  the  vertical  tail  that  is  blanketed  by  the  fuselage 
changed  only  slightly  with  changes  in  either  yaw  angle 
or  propeller  operation. 

II.  For  the  range  of  propeller-operating  conditions 
of  these  tests,  the  slopes  of  the  curves  of  vertical- 
tall  normal-force  coefficient  against  angle  of  yaw  varied 
only  slightly  with  increase  in  thrust  and  torque  coef¬ 
ficients. 


7 


5-  The  effects  of  increases  in  slipstream  rotation 
resulting  from  increases  in  propeller  torque  on  the 
vertical-tail  loading  were  far  more  pronounced  than  the 
effects  of  increases  in  the  axial  velocity  in  the  slip¬ 
stream  due  to  increases  in  propeller  thrust. 
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figure  /  .  -  Three  -  new  drawing  of  the  P~40K  airplane. 
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Figure  3.-  Location  and  identification  of 
vertical- tail-surface  orifices. 
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Figure  4,.-  Variation  of  S  and  v/nD  with  Cj,  for  the  constant- 
speed  propeller  and  the  propeller  operating  at 
constant  blade  angle.  Hated  power  at  10,000  feet  altitude. 
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— — — - — —  Propeller  removed 

~  " - Propeller  operating  at  rated  power  at 

10,000  feet  altitude 


Figure  6 Lift  curves  for  the  P-40K  airplane  with  the  propeller 
removed  and  operating  at  rated  power  at  10,000  feet 
altitude.  Flaps  retracted;  ,  2.0°. 
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Figure  11.-  Spanwise  distribution  of  normal-force  coefficient 


on  vertical  tail  surface.  Propeller  removed. 


Figure  13.-  Spanwise  distribution  of  normal-force  coefficient 
on  vertical  tail  surface,  i i  ,  5°. 
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Figure  16.-  Variation  of  vertical-tail  normal-force  coefficient  with 
angle  of  attack.  Propeller  removed. 
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Figure  17,,-  Hffoct  of  propeller  operation  on  the  variation  of 
vertical-tail  normal-force  coefficient  with  angle 
of  yaw.  Cj.,  0.294. 
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Figure  19,-  Effect  of  slipstream  rotation  on  the  vertical-tail 
normal-force  coefficient. 
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ABSTRACT} 


Wind-tunnel  test  results  slum  that  propeller  operation  caused  positive  forces  on 
the  vertical  tail  regardless  of  the  direction  of  initial  force.  Load  distribution  over 
the  portion  of  the  vertical  tail  blanketed  by  fuselage  changed  only  slightly  with  changes 
in  yaw  angle  or  propeller  operation.  Vertical-tail,  normal-force  coefficient  curves 
against  yaw  angle  varied  only  slightly  with  thrust  and  torque  increase.  Slipstream 
rotation  effects  of  torque  were  more  pronounced  than  anlal-velocity  increase  caused 
by  thrust. 
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